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Abstract

In practice, many package transportation companies lower their costs
by hiring outside carriers to serve orders that cannot be served efficiently
by their own trucks. The problem which takes the order outsource option
into account is the Vehicle Routing Problem with Private Fleet and Common
Carrier. In this variant of the Vehicle Routing Problem, orders are either
delivered by an outside carrier, the common carrier, which receives an order
specific fee or by the own fleet, the private fleet, such that thetotal costs,
which is the sum of the outside carrier costs and the deliverycosts of the own
fleet, is minimized. This paper analyses and compares several methods that
estimate which orders to outsource. Additionally, a comparison is presented
on VRP instances, which is, to the best of our knowledge, the first time that
this is done. We present a new estimation method which outsourcing decision
leads to the lowest costs and it leads to a better estimation of the VRP costs.

Keywords: vehicle routing, pricing, estimations

1 Introduction

Transportation companies are facing increasing operational costs, e.g., due to more
delivery restrictions, while at the same time the income hasdwindled due to over-
capacity in the last few years. Due to the crises the demand for transportation de-
creased while the supply did not decrease correspondingly.In order to save costs
and to create a larger profit margin, transportation companies try various initia-
tives: cooperating with their customers, e.g., delivery orpick-up on the same day
for neighboring customers, or cooperating with colleagues. Examples of cooper-
ating with colleagues are (a) merging, i.e., creating one company out of multiple,
(b) optimization of full routes, i.e., a subcontractor thatdrives an unwanted route
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or exchange full-truck loads with colleagues to avoid emptyreturns, and finally
(c) optimization of packages, i.e., selling a package to a subcontractor to decrease
the last-mile costs (Stenger et al. (2013)). We focus on (c),i.e., the optimization
of packages, which is used by alliances in the Netherlands, e.g., Transmission and
Netwerk-Benelux. In these cooperations, members agree upon a division of the to-
tal area into regions such that each member is responsible for one region, its home
region. Together with this division, the alliance also agrees upon an outsource
pricing mechanism. An important part is that the companies are not obliged to out-
source orders, i.e., they can deliver orders in the home region of other companies
without paying a fee. However, it is mandatory to deliver theoutsourced orders
that lie in the company’s home region. For delivering these outsourced orders, the
company receives a part of the corresponding outsource price. The reallocation
of the outsourced orders to the depot of the others is done by night-transportation,
which is planned by the alliance but paid by the members (partly on the basis of
usage).
The question which orders to outsource is in the literature commonly answered
by simultaneously determining the routing for delivering the non-outsourced or-
ders. This problem is known as the Vehicle Routing Problem with Private Fleet
and Common Carrier (VRPPC) and an equivalent characterization is the Capaci-
tated Profitable Routing Problem. Many types of heuristics are proposed. These
types are improvement heuristics (Chu (2005), Bolduc et al.(2007), Bolduc et al.
(2008)), tabu searches (Côté and Potvin (2009), Potvin and Naud (2011), Huijink
et al. (2014b)), (A)VNS (Archetti et al. (2009), Stenger et al. (2013), Stenger et al.
(2013), Huijink et al. (2014a)) and genetic algorithms (Kratica et al. (2012), Vidal
et al. (2014)). There is also one exact solution method for the Capacitated Prof-
itable Routing Problem (Archetti et al. (2013)). In the caseof the Dutch alliances,
each member has to decide which orders to outsource without any knowledge on
the orders of the other companies. Moreover, it is possible that after the outsourcing
the company receives new orders in its home-region (these orders are outsourced
by the other companies). Furthermore, there are not many software packages on the
market that can handle the VRPPC as opposed to the many packages for the more
researched and implemented “standard” Vehicle Routing Problem (VRP). Finally,
the decision which orders to outsource has to be made quicklysince the orders
need to be reallocated by the night-transportation, i.e., long calculation times are
not allowed. Hence, the companies are interested in so-called “rules of thumb” to
determine fast and simple which orders to outsource. After the reallocation of the
orders, each member will apply a heuristic for the VRP to determine the routing.
Whether an order should be outsourced depends on the (expected) routing costs
of the order and its outsourcing costs. However, the (expected) routing costs of
the order depends on the other orders which are not outsourced. This is the case
for all orders, which creates an interdependence between them. Furthermore, it is
could be that an order is outsourced even when the expected routing costs of an
order is smaller than the outsource costs. For example due tothe capacity con-
straints or that other orders are more profitable to deliver.For the classical VRP,
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there exist several methods to estimate the routing costs (Daganzo (1984), Fleis-
chmann (1998), Goudvis (2001), Figliozzi (2009) and Baghuis (2014)). Each of
these methods splits the estimation into three separate parts. The fixed, the stem
and the inter-order part. The fixed part estimates the fixed costs of an order. The
stem estimates the costs for driving to the area in which the order lies. The inter-
order part estimates the costs for driving between orders. The estimations use the
characteristics of the order and either the amount of ordersin the area or the char-
acteristics of orders that are near to the order. The possibility of outsourcing orders
has as a consequence that the number of routes that one shoulduse, which is a vital
part in the estimations of the VRP, is unknown.
To the best of our knowledge, the paper of Hall and Racer (1995) is the first one
that estimates which orders to outsource. Hall and Racer (1995) use the method
of Daganzo (1984) to estimate the delivery costs of an order.The orders which
have the highest, and non-negative, unit profit, which is theoutsource price mi-
nus the estimated costs divided by the demand, are selected to be delivered by
the own fleet. Baghuis (2014) presents another method to estimate which orders
to outsource. This method estimates the inter-order costs by looking at the di-
rect distance between an order and its neighboring orders. The selection method
of Baghuis (2014) selects batches of orders such that the route is utilized fully.
Another estimation, which is used by several heuristics forthe VRPO (Côté and
Potvin (2009) and Stenger et al. (2013)), is to ignore the routing costs and use the
same selection as Hall and Racer (1995).
In this chapter, we present a new estimation method. This method estimates the
inter-order costs by looking at the insertion costs of the order and its neighboring
orders. Together with this estimation method, we created a new selection method.
Additionally, we also adopted the methods of Fleischmann (1998) and Goudvis
(2001) to give an estimation method for the VRPO. To measure the quality of the
different estimation methods we developed three tests. We are the first to compare
the different estimations for the VRPO. Finally, we also compared the estimations
on the classical VRP.
The rest of this chapter is organized as follows. The different estimation meth-
ods are introduced and discussed in Section 2 while the computational results are
reported in Section 4. The conclusions are presented at the end of this chapter.

2 Estimations: an overview and new

Each of the estimations has a two step procedure. In the first step each order is
assigned a score and in the second step this score is used to select the orders that
will be delivered. Each method assigns to each order a score which can be writ-
ten assi =

pi−EstCostsi
qi

werepi is theoutsource pricefor the order,EstCostsi
is theestimated costsfor delivering the order instead of outsourcing it andqi is
thedemandof the order. For most estimations, the estimated costs for delivering
consists of the sum of thefixed (Fi), stem(Si) and inter-order cost (IOi). This
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gives the following basic algorithm. The rank of orderi is denoted byπ(i) where

Basis

Step1: Assigning a score
1: Estimate the costs of delivering,EstCostsi = Fi + Si + IOi

2: Assign a score to each order,si =
pi−EstCostsi

qi
Step2: Selecting which orders to deliver

3: Rank the orders in a descending manner according tosi
4: Select which orders to deliver based on the rank and score

the inverseπ′(r) denotes the order with rankr. Furthermore, the distance between
ordersi andj is denoted bydij , where order0 denotes the depot.

2.1 Initialization estimation

Several of the heuristics developed to address the VRPO use avery simple selection
method (Côté and Potvin (2009), Potvin and Naud (2011), Stenger et al. (2013) and
Stenger et al. (2013)). The main idea of the initialization is to ignore the delivery
costs in step1. In step2 the orders are selected until the available capacity runs
out. To be more precise,EstCostsi = 0, which gives the following algorithm.

Initialization estimation

Step1: Assigning a score
1: Estimate the costs of delivering,EstCostsi = 0
2: Assign a score to each order,si =

pi
qi

Step2: Selecting which orders to deliver
3: Rank the orders in a descending manner according tosi
4: Select the ordersπ′(1), ..., π′(k) to deliver and outsource the orders

π′(k + 1), ..., π′(n), where
∑k+1

ℓ=1 qπ′(ℓ) > m ·Q ≥ ∑k
ℓ=1 qπ′(ℓ)

2.2 Hall estimation

In step1, Hall and Racer (1995) use the method of Daganzo (1984) to estimate
the delivery costs of an order. The estimation of Daganzo (1984) assumes that
the orders are randomly distributed over the area and that the orders are homoge-
nous. Due to these assumptions the inter-order costs are equal for each order. The
inter-order costs for each order are estimated using the estimation for the traveling
salesman problem, which is given byk

√
n ·A wherek is a constant depending on

the metric,n is the number of orders andA is the delivery area (Daganzo (1984)).
However, in the VRPO it is not know beforehand which or how many orders are
delivered. Therefore, Hall and Racer (1995) assume thatx orders will be delivered
and calculate the estimation for each possible value ofx. Given a valuex, the fixed
costs are estimated by assigning the capacity fraction of the fixed route costs to
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the order,F qi
Q

. The stem costs are estimated by a capacity fraction of the costs to
drive to the area and back,2 · d0i qiQ , and the inter-order costs are the first Taylor

approximation of the traveling salesman problem estimation k

2
√

x
A

. For each value

of x, step2 consists of selecting the orders until either the score is negative or if
the next order would yield more demand than the total capacity. This gives the
following algorithm for a given valuex. This estimation is calculated for all values

Hall estimation for given valuex

Step1: Assigning a score
1: Estimate the costs of delivering,EstCostsi = F qi

Q
+ 2 · d0i qiQ + k

2
√

x
A

2: Assign a score to each order,si =
pi−EstCostsi

qi
Step2: Selecting which orders to deliver

3: Rank the orders in a descending manner according tosi
4: Select the ordersπ′(1), ..., π′(k) to deliver and outsource the orders

π′(k + 1), ..., π′(n), wherek = min{s, t},
s+1∑

ℓ=1

qπ′(ℓ) > m · Q ≥
s∑

ℓ=1

qπ′(ℓ) and

st ≥ 0 > st+1

of x. The final estimation is the estimation for whichx corresponds to the number
of orders that the estimation delivers and in the case that this is not unique, then
the one which has the minimal estimated cost is chosen.

2.3 Baghuis(Adjusted) estimation

A different estimation is developed by Baghuis (2014). For step1, Baghuis (2014)
uses the distance between the depot and the orders as a proxy for the stem costs and
the distance between orders as a proxy for the inter-order costs. Using results from
several test-instances, Baghuis (2014) estimates the stemcosts (SB) of a route by
taking the average distance between the depot and the30% closest orders. Simi-
larly, the inter-order costs of an order (IOB

i ) are estimated by taking the average
distance between the order and its5 closest orders. Additionally, Baghuis (2014)
uses the undershoot, which is the part of the capacity that isnot used in a route
and comes from inventory management, to estimate the costs.The fixed costs are

estimated byF qi
Q−U

, where the undershoot is given byU =
∑

i∈N q2i
2
∑

i∈N qi
− 1

2 . Baghuis

(2014) estimates the stem costs byd0i
d̄0

q̄
Q
SB whered̄0 is the average distance from

the depot to an order,̄q is the average demand of an order. Finally, the inter-order
costs are estimated byIOB

i , which is the average distance between orderi and the
5 closest orders. For step2, the ranking is divided into disjoint batches, each with
the most orders such that the demand of the orders is less thanthe capacity of the
routes. All batches with positive score are delivered. Halland Racer (1995) selects
the orders until there score is negative, which can imply that a route is not fully
utilized. However, the Hall estimation assumes that a routeis fully utilized, which
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Baghuis estimation

Step1: Assigning a score
1: Estimate the costs of delivering,EstCostsi = F qi

Q−U
+2·d0i+ d0i

d̄0

q̄
Q
SB+

IOB
i

2: Assign a score to each order,si =
pi−EstCostsi

qi
Step2: Selecting which orders to deliver

3: Rank the orders in a descending manner according tosi
4: Divide the ranking into batches(π′(1), ..., π′(s1)), (π

′(s1 +

1), ..., π′(s2)), ... where
si+1∑

ℓ=si−1+1

qπ′(ℓ) > Q ≥
si∑

ℓ=si−1+1

qπ′(ℓ). Select the

ordersπ′(1), ..., π′(sk) to deliver and outsource the ordersπ′(sk +1), ..., π′(n),
where
sk∑

ℓ=1

sπ′(ℓ) >

sk+1∑

ℓ=1

sπ′(ℓ)

can lead to an underestimation of the costs. To avoid this, Baghuis (2014) uses an
undershoot and selects the orders in batches. However, the selection of Baghuis
(2014) can result in not fully utilizing the routes. Often one can utilize a route fully
by allowing a small detour. Therefore, we use overlapping batches instead of dis-
joint batches where each batch contains the previous batch and the demand in each
batch is increased by the capacity of a route. This gives the following algorithm.

BaghuisAdjusted estimation

Step1: Assigning a score
1: Estimate the costs of delivering,EstCostsi = F qi

Q−U
+2·d0i+ d0i

d̄0

q̄
Q
SB+

IOB
i

2: Assign a score to each order,si =
pi−EstCostsi

qi
Step2: Selecting which orders to deliver

3: Rank the orders in a descending manner according tosi
4: Divide the ranking into batches(π′(1), ..., π′(s1)), (π

′(1), ..., π′(s2)), ...

where
si+1∑

ℓ=1

qπ′(ℓ) > i · Q ≥
si∑

ℓ=1

qπ′(ℓ). Select the ordersπ′(1), ..., π′(sk) to

deliver and outsource the ordersπ′(sk + 1), ..., π′(n), where
sk∑

ℓ=1

sπ′(ℓ) >

sk+1∑

ℓ=1

sπ′(ℓ)
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2.4 Fleischmann estimation

In step1, we use the estimation of Fleischmann (1998), which bears some resem-
blance to the estimation of Daganzo (1984). Fleischmann (1998) assumes that or-
ders with similar characteristics are situated on a ring around the depot instead of a
random uniform distribution. A main part of the model is to determine the distance
between two orders in the ring. This distance (and its costs)can be estimated using
solutions from a part of the instances, but we choose to use anadjusted model of
Daganzo (1984) to estimate the inter-order costs. We choosea circle with as center
the order such that the demand of the orders inside the circleis at least the capacity
of a route. Then, the inter-order costs are given byIOi = (1 − qi

Q
) k

2
√

y
B

where

B is the area of the circle andy is the number of orders in the circle. Just as in
Fleischmann (1998), we have the fraction(1− qi

Q
) since there arey− 1 inter-order

distances and noty as in Hall and Racer (1995). The main difference between the
Hall and Fleischmann method is that the Fleischmann method uses orders close to
the order to estimate the inter-order costs instead of all the orders as in Hall. In step
2, we use our selection method which we also use in the BaghuisAdjusted method.
This gives the following algorithm.

Fleischmann estimation

Step1: Assigning a score
1: Estimate the costs of delivering,EstCostsi = F qi

Q
+2·d0i qiQ+(1− qi

Q
) k

2
√

y
B

2: Assign a score to each order,si =
pi−EstCostsi

qi
Step2: Selecting which orders to deliver

3: Rank the orders in a descending manner according tosi
4: Divide the ranking into batches(π′(1), ..., π′(s1)), (π

′(1), ..., π′(s2)), ...

where
si+1∑

ℓ=1

qπ′(ℓ) > i · Q ≥
si∑

ℓ=1

qπ′(ℓ). Select the ordersπ′(1), ..., π′(sk) to

deliver and outsource the ordersπ′(sk + 1), ..., π′(n), where
sk∑

ℓ=1

sπ′(ℓ) >

sk+1∑

ℓ=1

sπ′(ℓ)

2.5 Goudvis estimation

For part1, Goudvis (2001) estimates the inter-order costs by lookingat the direct
distance between close orders. Unlike Baghuis (2014), Goudvis (2001) assigns a
weight to each order and uses a weighted average. However, the only part of the
weight of Goudvis (2001) which has any meaning in the VRPO (orthe normal
VRP) is that it depends on the distance between the orderi of interest and another
orderj, in other words, 1

1+dij
. Since only profitable orders are delivered we use the

following weightPrj(i) =
1

1+dij

pi−dij
qi

. As estimation of the inter-order distance
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IOG
i we take the orderj with the highest scorePrj(i) and estimate the distance by

the distance between the ordersi andj. The remaining estimations are the same as
in the Hall estimation. Part2 is the same as in the Fleischmann estimation, which
gives the following algorithm.

Goudvis estimation

Step1: Assigning a score
1: Estimate the costs of delivering,

EstCostsi = F
qi

Q
+ 2 · d0i

qi

Q
+ IOG

i

2: Assign a score to each order,si =
pi−EstCostsi

qi
Step2: Selecting which orders to deliver

3: Rank the orders in a descending manner according tosi
4: Divide the ranking into batches(π′(1), ..., π′(s1)), (π

′(1), ..., π′(s2)), ...

where
si+1∑

ℓ=1

qπ′(ℓ) > i · Q ≥
si∑

ℓ=1

qπ′(ℓ). Select the ordersπ′(1), ..., π′(sk) to

deliver and outsource the ordersπ′(sk + 1), ..., π′(n), where
sk∑

ℓ=1

sπ′(ℓ) >

sk+1∑

ℓ=1

sπ′(ℓ)

2.6 Huijink(10) estimation

Both Goudvis (2001) and Baghuis (2014) use the distance between two orders to
estimate the inter-order costs. In other words, a part of thecosts of a route are
divided by the distance from one order to another. Another method to divide the
part of the costs of a route is to look at the insertion costs ofan order. For part
1, we use the insertion distance between orders to estimate the inter-order costs.
First, for each orderi we take the5 closest orders. For each pair that we can make
with those5 orders we calculate the insertion distance of the orderi. Similarly
as Baghuis (2014), we take the weighted average over all pairs as the estimated
inter-order distance. The inter-order costs are estimatedby

IOH
i =

1
∑

k,l a pair

1

1 + dki + dil − dkl

∑

k,l a pair

dki + dil − dkl

1 + dki + dil − dkl
.

The other estimations are the same as in the Fleischmann method. Part2 is also the
same as in the Fleischmann estimation, which gives the following algorithm. For
the Huijink10 method, we use the 10 closest orders instead of5 (which increases
the number of pairs to 45).
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Huijink estimation

Step1: Assigning a score
1: Estimate the costs of delivering,

EstCostsi = F
qi

Q
+ 2 · d0i

qi

Q
+ IOH

i

2: Assign a score to each order,si =
pi−EstCostsi

qi
Step2: Selecting which orders to deliver

3: Rank the orders in a descending manner according tosi
4: Divide the ranking into batches(π′(1), ..., π′(s1)), (π

′(1), ..., π′(s2)), ...

where
si+1∑

ℓ=1

qπ′(ℓ) > i · Q ≥
si∑

ℓ=1

qπ′(ℓ). Select the ordersπ′(1), ..., π′(sk) to

deliver and outsource the ordersπ′(sk + 1), ..., π′(n), where
sk∑

ℓ=1

sπ′(ℓ) >

sk+1∑

ℓ=1

sπ′(ℓ)

3 How to test

We developed three tests to measure the quality of each estimation method. The
most important test is quality of the solution, which is tested by comparing the
costs of the best found solution which uses the decision of the estimation method
and the costs of the best known solution which is free to decide what to outsource.
The second test is correctness of the orders outsourced (delivered), which is tested
by comparing the number of orders that are outsourced (delivered) by both the
estimation and the best known solution and the number of orders the orders that
are outsourced (delivered) by either the method or the best known solution. The
final test is the quality of the estimation, which is tested bycomparing the estimated
costs and the costs of the best known solution. The test are formalized in Table 1,
where we use the following notation. TheCosts of the method are the best found
solution of the ten runs of the AVNS-Fast of Huijink et al. (2014a), where the
outsource prices are set such that the orders that were outsourced (delivered) by the
estimation method are outsourced (delivered) by the AVNS-Fast. TheBKSCosts

are the costs of the best known solution of the instance.Both are the number of
orders that are outsourced (delivered) by both the estimation method and the BKS
andEither are the number of orders outsourced (delivered) by either the method or
the BKS. Finally, theEstCosts are the estimated costs of the estimation method.

4 Test results

The detailed results of the computational experiments can be found in Appendix
A. Table 2 presents the summarized results of the quality of the solution test.
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Name test

Quality of solution
Costs−BKSCosts

BKSCosts
∗ 100%

Correctness of outsourced (delivered)
Both

Either
∗ 100%

Quality of estimation
|EstCosts−BKSCosts|

BKSCosts
∗ 100%

Table 1: The tests.
Instance set Init Hall Bag Fleisch Goud Huij BagAdj Huij10
CE-Orig 0.61 0.51 2.65 0.56 0.53 0.60 0.73 0.74
CE-Half-Orig 2.46 2.35 2.87 1.64 2.61 1.98 2.20 1.88
CE-New 3.03 3.10 3.86 2.64 4.19 1.46 2.16 1.67
Average 2.04 1.99 3.13 1.61 2.44 1.35 1.70 1.43

Table 2:The average gap of the total costs of each method (after routing) in%.

The gaps are due to the choice of the method on which orders to outsource, in
other words, the gap is close to zero when the heuristic is allowed to choose which
orders to outsource. Of the methods in the literature, the simple initialization is
better than both the Hall and Baghuis method. From the methods we translated
to the VRPO (Fleischmann and Goudvis), the Goudvis method performs worse
than the Initialization and the Fleischmann method performs better than the Hall
method. One could conclude from the fact that the Fleischmann method is better
than the Hall method that it is better to determine the inter-order distance while
ignoring the fact that some orders would not be delivered than assuming the same
inter-order distance for each order. Furthermore, the BaghuisAdj method performs
much better than the original, which shows that our selection method outperforms
the one of Baghuis (2014). What is interesting is that only changing the estimation
for the inter-order costs already has a large influence on theresults.
Both the Huijink and Huijink10 method are on average better than all the other
methods. Furthermore, it shows that the Huijink method is quite robust quite ro-
bust with respect to the amount of neighbouring orders inspected. What is inter-
esting is that almost all methods perform similarly well on the CE-Orig-instances,
while there are large differences as well as larger gaps on the other instances. This
is surprising since the gaps between outsourcing everything and the best known
solutions is129%, 28%, and18% for the Orig, Half-Orig, and the New-instances,
respectively. Another reason why it is surprising is that inthe Half-Orig and New-
instances there are some instances where using one route more (or less) than the
number of routes in the best found solution does not have a large influence on the
costs, for example, the instance Half-Orig CE-02 for which the best known solu-
tion uses 4 routes and a solution with 3 routes has a gap of just0.14%. Note that
this is never the case for the Orig-instances since the best known solution always
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use all the available routes in these instances. Hence, one would expect lower gaps
at the Half-Orig and New-instances than on the Orig-instances. The Fleischmann
method is the best performing one on the Half-Original-instances and the Huijink
method on the New-instances. The reason that the gaps appearto be small is partly
due to the fact that a large part of the costs comes from the fixed costs of the routes
(on average 42%).

Instance set Init Hall Bag Fleisch Goud Huij BagAdj Huij10

CE-Orig
Delivered 97.30 97.61 95.30 97.20 97.10 96.68 96.66 97.04

Outsourced 79.49 80.84 68.89 78.28 77.60 74.57 75.09 77.09

CE-Half-Orig
Delivered 73.05 63.24 79.85 81.35 77.84 81.55 72.75 81.69

Outsourced 38.61 68.93 69.08 69.51 68.58 69.80 68.92 71.40

CE-New
Delivered 81.09 67.72 82.12 84.68 78.71 87.09 83.94 86.91

Outsourced 15.35 30.64 40.66 37.83 41.66 48.45 45.25 48.82

Average
Delivered 83.81 76.19 85.76 87.74 84.55 88.44 84.45 88.55

Outsourced 44.48 60.14 59.54 61.87 62.61 64.28 63.09 65.77

Table 3:The average correctness of outsourced (delivered) orders of each method
in %.

Table 3 shows in conjunction with Table 2 that the second test, which tests the
correctness of outsourcing, is rather weak. For example comparing the Huijink
and the Fleischmann method on the CE-Half-Orig-instances shows that Huijink
chooses on average more orders correct, while Fleischmann has a lower gap. Sim-
ilarly, although the Hall method has more orders correct than the Initialization, it
does not show in the gap. This is largely due to the fact that the VRPO often has
many solutions with nearly the same costs, even while the orders outsourced in
each solution is quite different. Due to this grey area it could be that two solutions
have almost the same costs, while they are completely different.

Instance set Hall Bag Fleisch Goud Huij BagAdj Huij10
CE-Orig 4.36 4.69 7.64 4.01 6.70 5.10 4.48
CE-Half-Orig 3.92 4.49 7.45 1.64 6.59 4.51 4.57
CE-New 3.76 4.27 7.52 3.17 8.57 4.43 6.71
Average 4.01 4.48 7.54 2.94 7.29 4.68 5.25
Taillard (VRP) 47.99 32.14 12.51 25.82 10.98 32.40 9.76

Table 4:The average absolute gap of the total estimated costs of eachmethod in
%.

Comparing the estimations of the costs on the VRPO instancesshows that the
Goudvis method estimates the best, closely followed by all but the Fleischmann
method and our method. Our method which looks at the ten closest orders per-
forms much better on the estimation part than our method which looks at the five
closest orders. On the VRP instances the results are reversed, our methods and
the Fleischmann method outperform all methods, even the Hall method, which is
based on the estimation of Daganzo (1984). What is interesting is that all methods
except the Fleischmann method and our methods have a gap in the VRP instances
which is at least five times the gap of the VRPO instances. Furthermore, the orig-
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inal Baghuis method needs more trucks than available in three instances in the
VRP. The reason for the discrepancy between the gaps is that the Fleischmann
method, the Baghuis methods as well as our methods severely underestimate the
distance costs (sum of inter-order and stem) of the VRP instances, while the other
methods overestimate these costs. On the other hand, the Baghuis methods over-
estimate the fixed-route costs while the other methods slightly underestimate these
costs. Hence, the under-estimation of the distance and the overestimation of the
fixed-route costs partly cancel each other out. Similarly, the over-estimation of the
distance and the under-estimation of the fixed routes partlycancel each other out.
Another reason is that in the VRPO instances the routes have alarge fixed cost,
which leads to a minimization of routes and hence the distance is increased.
It is interesting that the method which estimates the total costs quite good, the
Goudvis estimation, has a bad solution after the routing. Furthermore, this method
has on average the roughly same amount of orders correctly outsourced (delivered)
as the other good performing methods. The only conclusion left is that the Goudvis
method estimation is such that a few important orders are outsourced (delivered)
while they should not. It is interesting that ignoring the interdependence and using
an estimation leads to a gap of at most two percent for the Huijink estimation.
Finally, it is surprising how far off the estimations are in the VRP instances.

5 Recommendations

Our results show that a good estimation not necessary resultin good choices on
which orders to outsource (deliver). This poses an interesting problem, which de-
serves more attention. Furthermore, the estimations ignore the interdependence
between the order when estimating which orders to outsource. One method to
solve this is to use each method a few times where only the orders that are de-
livered are allowed to be used for estimating the delivery costs. Other follow up
research are other estimations, for example, using a minimal spanning tree together
with matching to determine which orders to outsource. Finally, most estimations
for the VRP have their roots in estimations for the TravelingSalesman Problem
(TSP) (Daganzo (1984)). However, as far as we are aware, there is no research on
estimations of the TSP with profits, which is the TSP variant of the VRPO (Feillet
et al. (2005)). Most of the methods we discussed can easily beadapted to estimate
which orders to outsource in the TSP with profits.
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Initialization Hall Baghuis Fleischmann
Pricing Instance BFS Prices AVNS-Fast Outsourced Driven EstCosts AVNS-Fast Outsourced Driven EstCosts AVNS-Fast Outsourced Driven EstCosts AVNS-Fast Outsourced Driven

Orig

CE-01 1119.47 1964.00 1124.68 71.43 % 95.56 % 1066.31 1119.47 100.00 % 100.00 % 1155.16 1151.43 55.56 % 91.11 % 972.93 1133.68 71.43 % 95.56 %
CE-02 1814.52 3551.00 1814.52 100.00 % 100.00 % 1772.43 1814.53 50.00 % 95.83 % 1754.05 1868.50 71.43 % 97.14 % 1612.81 1814.53 50.00 % 95.83 %
CE-03 1919.05 4076.00 1930.74 83.33 % 97.78 % 1868.77 1932.51 83.33 % 97.78 % 1956.79 1969.38 78.57 % 96.63 % 1683.50 1930.45 83.33 % 97.78 %
CE-04 2505.39 5869.00 2524.28 76.19 % 96.27 % 2514.25 2525.05 80.00 % 97.01 % 2548.59 2559.71 66.67 % 94.03 % 2282.73 2522.87 80.00 % 97.01 %
CE-05 3081.42 7742.00 3115.19 81.48 % 97.18 % 3121.29 3095.25 81.48 % 97.18 % 3028.69 3138.83 76.67 % 96.02 % 2845.73 3100.52 81.48 % 97.18 %
CE-06 1207.47 2036.00 1216.09 71.43 % 95.56 % 1153.18 1207.47 100.00 % 100.00 % 1241.27 1228.46 62.50 % 93.33 % 1059.93 1222.68 71.43 % 95.56 %
CE-07 2004.53 3737.00 2018.09 80.00 % 98.59 % 1961.15 2004.53 100.00 % 100.00 % 1949.47 2101.59 50.00 % 94.37 % 1801.52 2004.53 100.00 % 100.00 %
CE-08 2052.05 4199.00 2052.05 100.00 % 100.00 % 2001.57 2064.45 83.33 % 97.78 % 2083.65 2099.01 84.62 % 97.75 % 1811.40 2054.20 100.00 % 100.00 %
CE-09 2418.64 5989.00 2436.65 75.00 % 97.87 % 2433.69 2428.21 90.91 % 99.29 % 2448.59 2460.55 76.92 % 97.86 % 2199.23 2432.71 90.91 % 99.29 %
CE-10 3373.42 7985.00 3385.51 81.48 % 97.18 % 3409.09 3394.43 81.48 % 97.18 % 3359.52 3496.84 77.42 % 96.00 % 3133.53 3394.83 81.48 % 97.18 %
CE-11 2330.94 8684.00 2377.85 80.00 % 97.22 % 2575.54 2368.38 68.75 % 95.41 % 1929.73 2413.26 70.59 % 95.37 % 2369.02 2332.43 73.33 % 96.33 %
CE-12 1952.86 4365.00 1966.73 62.50 % 96.84 % 2169.54 1966.73 62.50 % 96.84 % 1806.28 2007.21 45.45 % 93.68 % 1955.47 1966.73 62.50 % 96.84 %
CE-13 2858.83 8829.00 2866.98 62.50 % 94.55 % 3099.23 2891.06 62.50 % 94.55 % 2448.30 2888.51 64.71 % 94.50 % 2897.97 2891.06 62.50 % 94.55 %
CE-14 2213.02 4379.00 2215.38 87.50 % 97.67 % 2410.59 2215.38 87.50 % 97.67 % 2082.99 2278.98 83.33 % 96.47 % 2200.13 2215.38 87.50 % 97.67 %

129.70 % 0.61 % 79.49 % 97.30 % 4.36 % 0.51 % 80.84 % 97.61 % 4.69 % 2.65 % 68.89 % 95.30 % 7.64 % 0.56 % 78.28 % 97.20 %

Half-Orig

CE-01 940.66 982.00 957.83 17.14 % 34.09 % 921.83 974.56 60.00 % 51.72 % 940.61 982.00 75.00 % 50.00 % 830.33 978.90 58.33 % 48.28 %
CE-02 1605.51 1775.50 1669.33 13.89 % 55.71 % 1615.62 1642.12 70.73 % 73.91 % 1577.03 1671.53 62.79 % 66.67 % 1470.89 1636.13 72.97 % 79.17 %
CE-03 1706.18 2038.00 1771.02 34.38 % 76.40 % 1663.92 1773.66 72.73 % 88.16 % 1717.45 1756.67 66.67 % 80.56 % 1488.46 1736.72 57.58 % 82.72 %
CE-04 2237.96 2934.50 2262.67 70.37 % 93.89 % 2252.46 2296.98 75.76 % 93.60 % 2236.85 2307.57 60.00 % 87.30 % 2026.06 2246.90 74.19 % 93.70 %
CE-05 2770.34 3871.00 2792.47 73.53 % 94.83 % 2811.44 2806.00 79.41 % 95.93 % 2678.19 2850.63 65.85 % 91.86 % 2537.42 2790.77 72.73 % 94.86 %
CE-06 985.66 1018.00 1018.00 17.14 % 34.09 % 974.67 1018.00 63.89 % 51.85 % 986.21 1018.00 76.92 % 55.00 % 884.99 998.64 55.56 % 46.67 %
CE-07 1721.33 1868.50 1762.57 11.36 % 44.29 % 1735.67 1766.95 76.60 % 71.79 % 1701.48 1783.19 80.00 % 71.43 % 1595.98 1764.36 69.57 % 67.44 %
CE-08 1804.49 2099.50 1866.54 35.48 % 77.53 % 1763.54 1833.16 63.16 % 81.58 % 1816.45 1856.38 58.14 % 76.00 % 1588.91 1840.72 60.53 % 80.52 %
CE-09 2250.46 2994.50 2310.00 40.74 % 88.49 % 2265.60 2300.02 78.13 % 94.40 % 2253.35 2316.07 60.00 % 87.30 % 2038.56 2259.83 74.19 % 93.70 %
CE-10 3023.80 3992.50 3069.13 57.14 % 89.71 % 3067.29 3070.08 84.44 % 95.65 % 2940.97 3087.55 66.67 % 89.70 % 2798.92 3045.88 82.61 % 95.03 %
CE-11 2172.90 4342.00 2239.35 41.18 % 81.13 % 2417.02 2176.29 88.57 % 95.51 % 1749.89 2208.85 91.89 % 96.51 % 2242.91 2218.11 77.78 % 91.30 %
CE-12 1800.85 2182.50 1856.73 30.43 % 82.80 % 2008.22 1851.36 66.67 % 87.50 % 1641.46 1852.12 50.00 % 83.72 % 1800.17 1809.34 76.92 % 92.50 %
CE-13 2626.79 4414.50 2658.57 39.39 % 81.31 % 2869.15 2647.35 86.49 % 94.32 % 2199.33 2660.35 86.49 % 94.32 % 2693.73 2661.43 82.35 % 93.48 %
CE-14 1922.85 2189.50 1967.88 58.33 % 88.37 % 2102.25 2003.32 53.49 % 74.03 % 1773.76 1963.29 66.67 % 87.50 % 1894.48 1985.93 57.89 % 79.49 %

13.87 % 2.46 % 38.61 % 73.05 % 3.92 % 2.35 % 72.86 % 82.14 % 4.49 % 2.87 % 69.08 % 79.85 % 7.45 % 1.64 % 69.51 % 81.35 %

New

CE-01 1082.37 1169.50 1135.38 25.00 % 73.91 % 1053.09 1134.86 23.53 % 71.74 % 1114.50 1127.33 44.44 % 60.53 % 952.56 1133.89 23.53 % 71.74 %
CE-02 1764.02 2063.50 1808.27 7.14 % 82.43 % 1755.21 1823.2128.57 % 85.92 % 1738.45 1821.64 40.00 % 86.96 % 1590.29 1781.10 31.25 % 84.29 %
CE-03 1779.45 2046.00 1853.73 14.29 % 81.44 % 1771.10 1828.04 25.00 % 84.21 % 1822.94 1853.21 41.38 % 80.68 % 1575.03 1829.09 25.00 % 84.21 %
CE-04 2290.51 2663.50 2379.87 19.35 % 82.64 % 2348.15 2340.23 34.48 % 86.43 % 2356.66 2391.49 43.90 % 82.58 % 2104.98 2345.04 39.29 % 87.77 %
CE-05 2778.02 3184.75 2873.09 15.38 % 76.96 % 2859.12 2867.88 50.00 % 87.57 % 2769.76 2859.23 57.41 % 86.31 % 2571.70 2851.34 51.11 % 87.50 %
CE-06 1202.26 1364.00 1245.38 20.00 % 83.33 % 1162.11 1239.55 20.00 % 83.33 % 1241.93 1297.08 37.50 % 77.27 % 1062.18 1245.36 18.18 % 81.25 %
CE-07 1983.37 2474.50 2030.80 16.67 % 93.24 % 1963.58 2022.61 33.33 % 94.52 % 1957.17 2041.72 50.00 % 94.37 % 1799.22 2005.41 60.00 % 97.22 %
CE-08 1948.95 2339.50 2013.73 14.29 % 81.44 % 1931.10 1992.20 25.00 % 84.21 % 2000.75 2006.35 50.00 % 86.36 % 1735.03 1992.19 25.00 % 84.21 %
CE-09 2310.51 2793.25 2384.40 11.11 % 83.67 % 2356.99 2365.67 32.00 % 88.03 % 2371.39 2355.46 53.33 % 89.55 % 2114.30 2353.67 28.00 % 87.41 %
CE-10 3147.93 3819.00 3255.78 20.00 % 83.25 % 3214.71 3202.54 42.86 % 89.13 % 3148.71 3234.48 61.54 % 91.43 % 2926.59 3222.40 47.06 % 90.16 %
CE-11 2203.91 2544.75 2261.99 17.07 % 69.91 % 2398.21 2291.01 59.18 % 78.02 % 1901.63 2289.12 20.45 % 68.47 % 2141.38 2274.49 54.00 % 75.27 %
CE-12 1894.10 2253.75 1922.22 4.35 % 77.78 % 2074.52 1976.8344.00 % 84.27 % 1743.71 1994.66 24.00 % 79.79 % 1841.58 1961.81 37.93 % 79.78 %
CE-13 2857.77 3682.00 2906.27 18.75 % 88.89 % 3059.34 2917.33 42.86 % 92.98 % 2507.60 2922.39 16.67 % 87.18 % 2828.46 2917.94 50.00 % 93.81 %
CE-14 2083.85 2475.50 2121.99 11.54 % 76.29 % 2264.78 2192.32 36.00 % 82.42 % 1961.03 2193.41 28.57 % 78.26 % 2035.24 2155.48 39.29 % 80.90 %

28.84 % 3.03 % 15.35 % 81.09 % 3.76 % 3.10 % 35.49 % 85.20 % 4.27 % 3.86 % 40.66 % 82.12 % 7.52 % 2.64 % 37.83 % 84.68 %

Table 5:Detailed results of the estimation methods: Part 1.
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Goudvis Huijink BaghuisAdj Huijink10
Pricing Instance BFS Prices EstCosts AVNS-Fast OutsourcedDriven EstCosts AVNS-Fast Outsourced Driven EstCosts AVNS-Fast Outsourced Driven EstCosts AVNS-Fast Outsourced Driven

Orig

CE-01 1119.47 1964.00 1189.68 1119.47 100.00 % 100.00 % 983.04 1130.90 57.14 % 93.48 % 1150.53 1133.57 62.50 % 93.33 % 1025.34 1133.68 71.43 % 95.56 %
CE-02 1814.52 3551.00 1898.65 1814.52 100.00 % 100.00 % 1680.52 1814.53 50.00 % 95.83 % 1741.53 1814.52 100.00 % 100.00 % 1698.88 1814.53 50.00 % 95.83 %
CE-03 1919.05 4076.00 2071.61 1943.05 60.00 % 93.41 % 1737.97 1930.45 83.33 % 97.78 % 1936.82 1941.12 71.43 % 95.56 % 1786.81 1932.59 83.33 % 97.78 %
CE-04 2505.39 5869.00 2608.98 2526.31 76.19 % 96.27 % 2315.16 2523.43 80.00 % 97.01 % 2524.22 2538.82 77.27 % 96.24 % 2370.33 2521.26 80.00 % 97.01 %
CE-05 3081.42 7742.00 3175.71 3108.72 78.57 % 96.61 % 2898.67 3098.23 81.48 % 97.18 % 2999.77 3115.33 89.29 % 98.28 % 2954.19 3097.50 81.48 % 97.18 %
CE-06 1207.47 2036.00 1276.56 1207.47 100.00 % 100.00 % 1069.91 1217.90 57.14 % 93.48 % 1238.90 1212.68 71.43 % 95.56 % 1112.34 1222.68 71.43 % 95.56 %
CE-07 2004.53 3737.00 2087.91 2015.05 50.00 % 95.83 % 1869.23 2004.53 100.00 % 100.00 % 1931.53 2006.52 50.00 % 95.83 % 1887.59 2004.53 100.00 % 100.00 %
CE-08 2052.05 4199.00 2211.55 2079.81 71.43 % 95.56 % 1870.77 2066.51 83.33 % 97.78 % 2073.94 2075.02 91.67 % 98.88 % 1919.71 2061.18 83.33 % 97.78 %
CE-09 2418.64 5989.00 2529.45 2427.22 75.00 % 97.87 % 2232.14 2428.21 90.91 % 99.29 % 2429.68 2428.40 75.00 % 97.87 % 2288.84 2432.71 90.91 % 99.29 %
CE-10 3373.42 7985.00 3468.86 3397.94 78.57 % 96.61 % 3186.47 3389.61 81.48 % 97.18 % 3283.49 3392.62 81.48 % 97.18 % 3241.99 3389.16 81.48 % 97.18 %
CE-11 2330.94 8684.00 2335.67 2332.43 73.33 % 96.33 % 2252.01 2363.34 62.50 % 94.55 % 1911.26 2368.38 68.75 % 95.41 % 2310.57 2406.23 62.50 % 94.55 %
CE-12 1952.86 4365.00 2009.75 1970.56 62.50 % 96.84 % 1908.88 1969.29 62.50 % 96.84 % 1766.23 1966.73 62.50 % 96.84 % 1954.12 1969.29 62.50 % 96.84 %
CE-13 2858.83 8829.00 2864.06 2871.13 73.33 % 96.33 % 2777.41 2878.00 66.67 % 95.45 % 2435.87 2866.98 62.50 % 94.55 % 2841.98 2867.09 73.33 % 96.33 %
CE-14 2213.02 4379.00 2250.92 2215.38 87.50 % 97.67 % 2155.29 2215.38 87.50 % 97.67 % 2047.53 2216.47 87.50 % 97.67 % 2200.30 2215.38 87.50 % 97.67 %

129.70 % 4.01 % 0.53 % 77.60 % 97.10 % 6.70 % 0.60 % 74.57 % 96.68 %5.10 % 0.73 % 75.09 % 96.66 % 4.48 % 0.74 % 77.09 % 97.04 %

Half-Orig

CE-01 940.66 982.00 927.88 968.89 76.92 % 55.00 % 839.58 973.77 62.86 % 53.57 % 940.52 982.00 70.00 % 0.00 % 862.13 973.77 62.86 % 53.57 %
CE-02 1605.51 1775.50 1609.83 1662.83 75.56 % 73.17 % 1503.72 1639.39 75.00 % 77.78 % 1577.11 1666.76 66.67 % 66.67 % 1518.62 1648.23 73.17 % 75.56 %
CE-03 1706.18 2038.00 1784.90 1773.48 61.70 % 74.65 % 1530.86 1731.33 63.16 % 81.58 % 1716.19 1746.53 63.41 % 79.73 % 1578.50 1741.14 69.44 % 85.33 %
CE-04 2237.96 2934.50 2284.70 2306.11 52.94 % 80.49 % 2053.03 2260.08 74.19 % 93.70 % 2235.82 2277.45 64.86 % 89.68 % 2105.05 2259.61 74.19 % 93.70 %
CE-05 2770.34 3871.00 2839.66 2815.72 62.50 % 89.35 % 2590.57 2795.46 72.73 % 94.86 % 2678.71 2827.59 58.70 % 88.95 % 2644.55 2800.43 73.68 % 94.15 %
CE-06 985.66 1018.00 972.38 1013.39 76.92 % 55.00 % 894.95 1018.00 62.86 % 53.57 % 986.09 1018.00 70.00 % 0.00 % 915.81 1018.00 58.33 % 48.28 %
CE-07 1721.33 1868.50 1713.53 1790.95 79.25 % 66.67 % 1624.80 1775.58 75.51 % 68.42 % 1700.78 1777.69 78.00 % 69.44 % 1636.86 1783.36 73.47 % 66.67 %
CE-08 1804.49 2099.50 1869.52 1859.45 59.57 % 73.61 % 1627.34 1832.81 66.67 % 84.21 % 1817.19 1843.82 60.98 % 78.67 % 1674.72 1842.31 62.16 % 81.82 %
CE-09 2250.46 2994.50 2305.20 2299.34 65.00 % 88.71 % 2066.66 2272.58 70.97 % 92.97 % 2251.61 2286.14 72.22 % 91.94 % 2118.48 2263.35 70.97 % 92.97 %
CE-10 3023.80 3992.50 3079.71 3076.94 65.52 % 87.58 % 2846.18 3056.64 69.39 % 90.91 % 2941.75 3076.76 66.00 % 89.76 % 2899.33 3048.30 78.26 % 93.87 %
CE-11 2172.90 4342.00 2178.94 2186.50 86.11 % 94.38 % 2125.61 2209.51 81.08 % 92.22 % 1746.27 2191.60 86.49 % 94.32 % 2166.13 2185.01 91.43 % 96.59 %
CE-12 1800.85 2182.50 1831.35 1860.16 57.14 % 81.25 % 1746.47 1827.52 56.67 % 84.34 % 1639.76 1825.37 50.00 % 85.06 % 1793.93 1816.68 65.52 % 87.65 %
CE-13 2626.79 4414.50 2631.24 2640.00 88.57 % 95.51 % 2564.33 2648.95 91.18 % 96.63 % 2199.75 2638.51 88.57 % 95.51 % 2613.75 2649.95 91.18 % 96.63 %
CE-14 1922.85 2189.50 1917.50 1981.29 52.38 % 74.36 % 1846.58 2012.64 55.00 % 76.92 % 1773.06 1954.92 68.97 % 88.75 % 1887.19 1986.66 55.00 % 76.92 %

28.68 % 1.64 % 2.61 % 68.58 % 77.84 % 6.59 % 1.98 % 69.80 % 81.55 % 4.51 % 2.20 % 68.92 % 72.75 % 4.57 % 1.88 % 71.40 % 81.69 %

New

CE-01 1082.37 1169.50 1130.87 1166.77 46.43 % 59.46 % 936.951101.03 43.75 % 79.07 % 1113.29 1128.57 43.75 % 50.00 % 962.841106.54 43.75 % 79.07 %
CE-02 1764.02 2063.50 1832.57 1838.66 45.83 % 79.69 % 1594.87 1775.40 46.67 % 88.24 % 1734.98 1776.36 35.29 % 84.06 % 1615.00 1775.79 46.67 % 88.24 %
CE-03 1779.45 2046.00 1875.39 1875.27 32.56 % 66.28 % 1576.65 1796.92 40.00 % 86.96 % 1821.37 1823.81 44.00 % 84.27 % 1616.76 1804.84 40.00 % 86.96 %
CE-04 2290.51 2663.50 2353.26 2389.51 34.88 % 79.26 % 2082.84 2324.30 46.43 % 89.05 % 2352.62 2347.59 56.76 % 87.60 % 2134.65 2327.84 46.43 % 89.05 %
CE-05 2778.02 3184.75 2816.59 2887.52 49.25 % 79.52 % 2560.64 2833.84 48.94 % 86.36 % 2760.90 2868.86 49.09 % 83.72 % 2603.86 2827.63 58.70 % 88.95 %
CE-06 1202.26 1364.00 1272.15 1288.59 26.32 % 68.89 % 1049.83 1214.03 66.67 % 93.18 % 1238.89 1243.49 50.00 % 86.36 % 1075.71 1222.57 50.00 % 88.89 %
CE-07 1983.37 2474.50 2067.93 1998.23 44.44 % 92.96 % 1816.83 1989.62 80.00 % 98.59 % 1945.35 1999.26 50.00 % 95.83 % 1836.66 1989.62 80.00 % 98.59 %
CE-08 1948.95 2339.50 2074.36 2039.92 34.38 % 76.40 % 1740.00 1959.83 42.11 % 88.04 % 1996.76 1971.97 42.86 % 86.81 % 1780.55 1968.96 35.00 % 86.02 %
CE-09 2310.51 2793.25 2383.07 2407.07 36.59 % 80.74 % 2093.07 2339.87 30.77 % 87.32 % 2363.80 2349.42 51.85 % 90.44 % 2149.90 2343.09 46.43 % 89.05 %
CE-10 3147.93 3819.00 3209.47 3239.35 45.45 % 86.59 % 2917.88 3176.24 44.44 % 89.07 % 3134.14 3179.81 71.43 % 94.25 % 2964.68 3192.77 51.43 % 90.61 %
CE-11 2203.91 2544.75 2145.32 2270.55 63.83 % 81.11 % 2073.37 2240.42 65.22 % 82.22 % 1894.21 2247.97 72.00 % 83.33 % 2109.25 2247.92 61.70 % 80.22 %
CE-12 1894.10 2253.75 1898.97 1982.44 36.67 % 78.65 % 1798.46 1959.15 36.67 % 78.65 % 1732.63 1941.05 21.74 % 81.05 % 1835.06 1956.19 36.67 % 78.65 %
CE-13 2857.77 3682.00 2815.44 2888.20 50.00 % 93.81 % 2722.22 2893.75 50.00 % 93.81 % 2494.31 2881.48 18.75 % 88.89 % 2777.53 2893.71 50.00 % 93.81 %
CE-14 2083.85 2475.50 2092.72 2178.19 36.67 % 78.65 % 1991.71 2152.40 36.67 % 78.65 % 1950.43 2158.20 25.93 % 78.49 % 2028.56 2150.69 36.67 % 78.65 %

18.11 % 3.17 % 4.19 % 41.66 % 78.71 % 8.57 % 1.46 % 48.45 % 87.09 % 4.43 % 2.16 % 45.25 % 83.94 % 6.71 % 1.67 % 48.82 % 86.91 %

Table 6:Detailed results of the estimation methods: Part 2.
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Instance BKS Hall Baghuis Fleischmann Goudvis Huijink BaghuisAdj Huijink10
tai75a 1618.36 2283.30 1233.85 1391.48 1972.47 1445.40 1233.85 1492.15
tai75b 1344.62 1935.84 811.56 1089.94 1719.40 1221.65 811.56 1227.32
tai75c 1291.01 1904.10 1111.16 1085.35 1869.97 1152.34 1111.16 1148.82
tai75d 1365.42 1968.27 814.04 1153.21 1577.30 1164.53 814.04 1186.78
tai100a 2041.34 2827.44 1457.27 1761.47 2515.63 1803.59 1457.27 1813.32
tai100b 1939.90 2751.77 inf 1702.40 2446.35 1706.41 1595.35 1730.10
tai100c 1406.20 2160.55 975.97 1208.68 1874.73 1270.20 975.97 1278.18
tai100d 1581.24 2267.74 1334.10 1319.69 2338.90 1365.23 1334.10 1399.77
tai150a 3055.23 4440.73 1709.39 2772.18 3403.51 2833.03 1709.39 2898.74
tai150b 2656.47 4191.58 inf 2538.21 2965.47 2422.47 1452.88 2476.92
tai150c 2341.84 4143.87 1247.18 2173.43 2648.74 2045.10 1247.18 2067.61
tai150d 2645.39 4061.46 1639.17 2330.79 3207.47 2311.52 1639.17 2354.64
tai385a 24431.44 33258.20 inf 22280.88 33599.67 22218.66 15443.18 22203.17
Avg 47.99 32.14 12.51 25.82 10.98 32.40 9.76

Table 7:Detailed results of the estimation methods: Part 3.
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